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ABSTRACT 

The effect of solid state fermentation (SSF) parameters on the production of extracellular a-amylase and celulase 
(endoglucanases) by Bacilllls amyloliqueJaciens UMAS 1002 using sago pith residue "ham pas" in shaker flasks was 
investigated in this study. The appropriate incubation period, temperature, pH, agitation speed, inoculum 
concentration, " hampas" concentration and additive substrate effect were optimized for enzyme production. The 
activity of a-amylase and cellulase was at 14.19 I.U.lml and 13.15 I.U.lml respectively in optimal culture medium. 
Maximum yield for both enzymes were achieved by employing 4% w/v "hampas" in 0.2 M citrate buffer at pH 6 and 
incubated at 40°C for 6 hours with agitation speed of 100 rpm. Inoculum concentrations were found to be optimum at 
3% v/v and 4% v/v for a-amylase and cellulase respectively. Enzyme activity was 2.8 (10.80 I.U.lml) and 3.2 (9.38 
I.U.lml) fold higher for a-amylase and cellulase respectively when 1 % w/v soluble starch was applied as additive 
sub !rates with 0.5% "hampas" . However in optimal media that consist of 4%w/v of "hampas", addition of 1 % w/v 
soluble starch intend to inhibit both enzyme productions. Result revealed that temperature, pH and shaking condition 
were the most significant factors for the production of a-amylase and cellulase enzyme. Temperature influenced 
enzyme production by affecting the other parameters including bacterial growth, pH, dissolved oxygen (DO), and 
reducing sugars. Nevertheless, shaking condition could affect DO concentration that in turn affected bacterial growth 
and enzymes production too . 

Key words: 	 B. amyloliqlleJaciens UMAS 1002; a-Amylase; Celulase; Sago pith residue; 
Solid state fermentation. 

ABSTRAK 

Parameter yang mempengaruhi kadarJermentasi medillm pepejal iaitu "hampas" sagu dalam penghasilan enzim a
ami/a e dan sellliase (endoglllkanase) dengan menggllnakan Bacillus amyloliql/efaciens UMAS 1002 telah diselidik 
didtlillm kajian ini. Aktiviti enzim amilase adalah 14.19 1. U.lml manakala aktiviti enzim selulase adalah 13.15 
l.V-Iml di dalam medium kultur yang optima. Penghasilan kedlla-dlla enzim ini adalah maksima di dalam medium 
0.2 M larl/tan penimbal sitrat pada pH 6 yang mengandungi 4% wlv hampas dan suhu yang ditetapkan pada 40°C 
selama 6 jam dengan keadaan goncangan selaju 100 rpm. Kepekatan inokllillm yang digunakan pilla didapati 
optima pada kepekatan 3% I'l l' bag; penghasilan a-amilase dan 4% I'l l' bagi penghasilan selulase Aktiviti enzim 
didapati meningkat sebanyak 2.8 kali ganda iaitll (10.801. Ujm/) dan sebanyak 3.2 kali ganda iaitu (9.381. Ujml) 
masing-masing bagi a-amilase dan selll/lase apabila kanji pelarut ditambahkan ke dalam medium yang 
mengalldmrgi 0.5% wl v hampas sebagai substrat tambahan. Namun demikian bagi 4% wlv hampas iaitu medium 
optima, penambahan 1% wl v kanji pelarut menunjukkan perencatan di dalam penghasilan kedua-dua enzim. Kajian 
juga lelah mengenalpasti yang Jaktor suhu, pH serta keadaan goncangan merupakan Jaktor yang signifikan dalam 
mempenganlhi penghasilan enzim a-amylase dan sellulase. Suhu berupaya mempengaruhi penghasilan enzim 
kerana suhu juga berupaya mempengaruhi pertumbuhan bakteria, pH. serta kerterlarutan oksigen (DO) dan 
penghasilan gula penurun manakala kadar goncangan pula dapat mempengaruhi kadar DO yang secara langsung 
mempengaruhi pertumbuhan bakteria dan penghasilan enzim. 

Kala lamci: 	 B. amyloliquefaciens UMAS 1002; a-Ami/ase; Selulase; "Hampas " sago; 
Fermentasi medium pepejal. 



INTRODUCTION 

Solid state fermentation (SSF) can be defined as insoluble substrate fermented with adequate 

moisture which has numerous importance compared to submerged fermentation (SmF) or liquid 

state fennentation (Doelle et al., 1992) due to simple technique applied with lower capital 

investment, lower level of catabolite repressions and finally for their better product recovery 

(Babu et al., 1993; Mulimani et al .. 2000; Baysal et al.. 2002; Ikram et a/., 2001). According to 

Cannelo and his colleagues (2002) effluents, especially from food processing industry, which is 

rich in substrates such as starch, cellulose, fats and proteins, have the potential for microbial 

degradation to yield products with added values. Hence this has opened another door for food 

industries to exploit their waste product or effluents, in a much more promising ways which can 

also benefit them. 

Sago starch industry is the main food industry in Malaysia especially in East Malaysia, which 

contributes more than 90% of the country production (Bujang and Ahmad, 1999). Bujang and 

colleagues (1996) have estimated the three types of sago waste, which are 15.6 tonnes of woody 

bark, 237.6 tonnes of wastewater and 7.1 tonnes of starchy fibrous sago pith residue or "hampas" 

which is generated from the processing of 600 logs of sago palm per day. In the state of Sarawak, 

Malaysia this "hampas" is lavishly and cheaply available. However it is usually washed off into 

nearby streams together with wastewater, thus contributing to pollution load, or deposited in the 

factory"s compound, which can lead to serious environmental problems. Prior studies show that 

sago pith waste or "hampas" is composed mainly of starch and fiber, including a fair amount of 

mineral . The crude starch and crude fiber contents range from 41.7 to 65.0% and 14.8% 
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respectively (Wina et al., 1986). Therefore considering this, it is logical to find ways to utilize 

this waste. 

An attractive and proficient means in utilizing this waste is through a biotechnological approach 

in which microbial strains are employed to degrade the sago waste. Microorganisms such as fungi 

and bacteria are known to playa major role in the degradation of cellulose and starch components 

(Coughlan, 1985). The genus Bacillus. represent one of the important group of bacteria in 

secreting extracellular commercial enzymes such as proteolytic, amylolytic and also cellulolytic 

enzymes, (Crueger and Crueger, 1982) when they are provided with suitable medium and growth 

condition. 

In related studies, Zemek and colleagues (1981) reported that 11 out of 25 Bacillus species 

secretes P-l,4-g1ucanases which can degrade cellulose material. Bacillus from B. 

stearothemophilus, B. coagulans and B. licheniformis strains is identified for their ability in 

producing thermostable cellulase components (Gibson and Gordon, 1974). Beside that bacterial 

a-amylase production also reported in B. acidocaldarius A-2. B. amyloUquefaciens. B. 

licheniformis, B. megaterium and B. subtilis (Fogarthy and Kelly, 1990). All the Bacillus strains 

do have their own physiological conditions for their optimum extracellular enzyme expressions. 

However in these circumstances it will be an advantage for us if a single strain of microorganism, 

which is applied able to secrete different enzymes in order to degrade different substance in sago 

pith residue. This will at the same time reduce the cost, time and also labor when a fermentation 

process is conducted in a large scale. 
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Bacillus amyloliquefaciens UMAS 1002 strain has been reported by Apun and co-worker, (2000) 

for their abilities to produce both amylolytic (Abante et al., 1999) and cellulolytic enzymes. In 

the later research, Apun and her colleagues (2000) have affirmed that B. amyloliquefaciens 

UMAS 1002 could be effectively used in the bioconversation of sago pith waste due to their 

ability to produce amylolytic and cellulolytic enzyme when they are cultured with the suitable 

media such as sago pith waste. UMAS 1002 produced creamy colonies with circular motions on 

NA plates. A microscopic examination of the isolates showed that it is a spore former with an 

oval shaped spore in the center. Its further identification using standard biochemical test showed 

positive reactions in the catalase test, V -P test, ONPG test, starch hydrolysis test, gelatin test, 

oxidase test and nitrate tests. 

a-Amylase is the most important enzyme expressed by the B. amyloliquefaciens UMAS 1002. 

Generally amylase enzyme is a type of hydrolases, which is known to split complex carbohydrate 

such as amylose, amylopectin and glycogen. Whitaker (1994) has stated that, there are 4 type of 

amylase such as a-amylase, ~-amylase, glucoamylase and pullulanases. Bacterial a-amylase (1,4

a-D-glucan glucano hydrolases) cleaves at l,4-a-D-glucosidic bonds and also can bypass it but 

cannot hydrolyse 1,6-a-D-glucosidic branch points. Almost 10-12% of Bacillus, a-amylase 

enzymes has been used in industries such as brewing, milling and baking (Gerhartz, W. 1990}. 

Most a-amylase enzymes used commercially in the industry for hydrolysis of starch are produced 

by B. amyloliquefaciens (supplied by various manufacturers) and by B. licheniformis (supplied by 

Novo Industri AJS as Termamyl). 
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Cellulase is also another major enzyme produce by UMAS 1002. Cellulase is the most abundant 

carbohydrases in nature that cleave the ~-1,4 linkages of cellulose to degrading cellobiose. 

According to Whitaker (1994) there are 4 type of cellulase such as endoglucanases, 

cellobiohydrolases, exoglucohydrolases and ~-glucosidases. The potential use of bacterial 

cellulase has been applied in converting waste paper, sawdust, and other cellulosic waste to 

glucose with fennentation to ethanol. Beside that bacterial cellulose can also used to tenderize 

plant materials to break microbial cell walls for release of protein and to elucidate the structure 

of cellulosic material (Whitaker, 1994). Bacterial cellulases also has the potential to be used in 

the detergent production due to their higher stability and activity in the alkaline range (Gerhartz, 

1990) 

Although there are many research being done in isolating and purifying the enzymes produced by 

the Bacillus amyloliquefaciens UMAS 1002 but infonnation still lack and there's no published 

infonnation about the optimum microbial degradation condition of B. amyloliquefaciens for the 

production of a-amylase and cellulase in solid state fennentation using sago pith residue or 

"hampas" as substrate. So, in the application of such microorganism in industrial microbial 

processes, it is important to determine optimum process parameter for the a-amylase and 

cellulase enzyme expressions by UMAS 1002 in sago pith waste media. 

The objective of this study is to investigate the desired combination of parameters influencing a-

amylase and cellulase in vivo enzymes expressions such as temperature, time course, inoculums 

concentration, agitation speed, culture pH, "hampas" concentration and effect of additive 

subs es in order to perform an optimal shake flask fermentation condition. 

5 

l. j 



MATERIALS AND METHODS 

Microorganism 

Bacillus strain used in the enzyme expression came from the Bacillus amyloliqueJaciens UMAS 

1002 strain identified and isolated from sago pith waste by UNIMAS researcher and preserved in 

University Malaysia Sarawak laboratory. 

Sago pith waste collection 

Sago pith waste media was obtained from PPES sago processing factory in the district of Mukah, 

Sarawak. "hampas sago collected was dried at 60°C and milled into 40 mesh size before added 

into the medium. The medium was autoclaved before any further analysis to ensure all 

microorganisms are dead, so there will be no other microorganism involves in enzyme expression 

except for only newly introduced B. amyloliqueJaciens UMAS 1002. 

Fermentation media 

Sago "hampas" broth (SHB) was used as fermentation medium. SHB was prepared by mixing 

exactly (0.5% w/v) of the milled sago "hampas" into culture medium. Culture medium used in 

fennentation consists of yeast extract (0.2% w/v), KH2P04 (0.1 % w/v), MgS04 (0.5% w/v) and 

sago pith waste (0.5% w/v) (Apun et al. , 2000). pH for the medium was adjusted to pH 7.2 using 

2.0 M dium hydroxide (NaOH) (Julie et a1., 1997) to optimized the incubation period and 
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cubation temperature before optimizing the best pH condition. "Hampas" particle size of 40 

esh was put at constant value in this experiment. 

ermentation experimental design 

rlenmeyer Flasks (1 0Oml) containing 20ml of sago "hampas" medium was inoculated with 

pective 1% (v/v) of overnight two-stage inocular bacterial culture (at 0 .0600;:::; 2.0). The entire 

shaker flask test for each parameter was done separately in duplicates to reduce the statistical 

error. Enzyme test was also done in duplicates for each replicates from particular parameters. 

There were all four data collected for each parameter, which were two per replicate. Two 

replicates, which were done per parameter, was harvested and filtered using Whatman no. 1 filter 

paper according to the parameters that has been set up. The filtrates were later centrifuge at 13000 

rpm by using centrifuge KUBOTA 7820 at 4°C for 15 min. The supernatant was used as crude 

enzyme for the enzyme and protein assays. 

Enzyme assay 

The DNS assay (clinotrosalicyclic acid) method which was originally described by Bernfeld 

(1955) with some modifications was used to detennine the amount of reducing sugar with 

glucose as standard. The reaction mixture consists of 0.5 ml crude enzyme was added with 0.5 ml 

of 1% (w/v) soluble starch or carboxylmethylcellulase (CMC) (in 0.02 M phosphate buffer pH 

6.9, with 6.0mM sodium chloride) for 3 min at 37°C. The reaction was stopped by addition of 1.0 

mlDNS lution and placed in boiling water for 5 min. Later the mixture is added with 10.0 ml 
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of distilled water and vortex before measuring the absorbance at 540 nm using UV

spectrophotometer (amersham pharmacia biotech model ultrospec 1100 pro). A standard 

calibration curve was constructed by using D-glucose. One International Unit (I.U.) of each 

eazyme was defined as the activity that produced 1 ~mol of glucose equivalents per minute under 

the above assay conditions. 

Protein assay 

The Bradford method (1976) was used in measuring the protein concentration with Bovine Serum 

Albumin (BSA) as the standard. Bradford reagent was prepared by using phosphoric acid (80%), 

ethanol glacial, and Coomassie brilliant blue G-250. Protein concentration in each crude enzyme 

was measured using UV - spectrophotometer with absorbance at 59Onm. 

Parameter optimization 

Various process parameter influencing enzyme productions during SSF was optimized. The 

strategy followed was to optimize each parameter, independent of the others and subsequently 

optimal conditions were employed in all experiments. 
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I. Time course 

Time course optimization is done by using 100 ml shaker flask, containing 20 ml of 

fermentation media with 0.5% (w/v) "hampas" sago which was prepared using distilled 

water and adjusted to pH 7.2 using 2 M NaOH. Later this fermentation media was 

inoculated with 1 % (v/v) of two-stage inocular bacterial culture at 0.D600 :::::: 2.0. Shaker 

flask was put in 200 rpm agitation speed at 30°C. Sample for time course was harvested as 

the method mentioned in fermentation design at time interval of 3, 6, 9, 12, 15 and 24 hours 

according sequential for further enzyme and protein assay. Two replicates have been 

prepared for each particular time. 

U. Temperature 

Temperature effect was investigated using the same 20 ml fermentation media that was 

inoculated with bacterial culture. Shaker flask is put in 200 rpm agitation speed but now 

with different temperature value that has been set up as follows: 25, 30, 35, 40, 45, 50 and 

60 °C in different shaking incubator. The sample is harvested according the optimal time 

that has been obtained from the time course optimization earlier for the further enzyme and 

protein assay. 
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m. pH 

Four types of different buffers with different best pH range were used in obtaining the best 

optimal pH condition for the fermentation. Citrate buffer was prepared using 0.2 M sodium 

citrate and adjusted using I M citric acid for following pH: 4.5, 5, and 6. Phosphate buffer 

was prepared using 0.2 M Na2HP04 and adjusted using I M NaH2P04 for following pH: 6, 

6.5, 7, and 8. Tris-HCI buffer was prepared using 0.2 M Tris-base and adjusted using I M 

HCI for following pH: 6, 6.5, 7. 8 and 9. Acetate buffer was prepared using 0.2 M sodium 

acetate and adjusted using acetic acid glacial for following pH: 6, 6.5 and 7. 

Best optimal pH was determined using the same fermentation media with "hampas" sago 

with buffer solutions as the moisture agent replacing distilled water and later medium was 

adjusted to an appropriate pH using respective solutions mentioned earlier according to the 

buffers. 20 ml buffer containing the fermentation media was transferred into 100 ml shaker 

flask Culture medium was then inoculated with bacterial culture. The culture is maintained 

at agitation speed of 200 rpm and according the optimal temperature observed. Two 

replicates were prepared for each particular pH according buffers. Finally samples were 

harvested after the optimal time for further enzyme and protein assay. 
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• Agitation speed 

Agitation speed effect in fermentation was conducted in 3 different conditions as follows: 

static, 100 rpm and 200 rpm using 100 ml shaker flask. Fermentation medium is prepared in 

20 mI buffer with appropriate pH that has been optimized and inoculated with 1 % (v/v) 

overnight two-stage inocular bacterial culture (at 0.0600 ;:::; 2.0). All the 3 condition that has 

been set up for the agitation effect is run in duplicate at once using Innova 4000 shaking 

incubator at the optimal temperature. Finally samples were harvested after the optimal time 

for further enzyme and protein assay. 

v. Inoculum concentration 

Inoculum concentration effect was done at five different concentrations that were as 

follows: 1,2,3,4, and 5 % v/v. All the inoculum used in this test is from the overnight two

stage inocular bacterial culture (at 0.0600 ;:::; 2.0). Fermentation medium in 20 ml optimized 

buffer with appropriate pH is prepared using 100 ml shaker flask. Then the flask is 

inoculated with bacterial culture according the concentration as above. Fermentation is done 

in duplicate for each inoculum concentration (%v/v). Samples are incubated in the 

optimized condition observed. Finally samples are harvested after the optimal time for 

further enzyme and protein assay. 
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MBampas" sago concentration 

Different concentration (%w/v) of "hampas" sago was employed in fermentation media as 

foUows: 0.5, 1,2, 3,4, and 5 % w/v. Medium was prepared separately to obtain the correct 

amount of"hampas" for each concentration. pH of the medium was also adjusted separately 

after the "hampas" was introduced in the medium up to pH 6. For each "ham pas" 

concentration two samples were prepared. All samples were run together with other 

optimum conditions in shaking incubator. The contents of flask were harvested and assayed 

after the optimum time. 

Different additive substrate 

Different additive substrate test was done mainly using two commercial chemicals, soluble 

tarch (S8) and carboxlymethylcellulase (CMC) since a-amylase and cellulase 

(endoglucanase) enzymes are the major enzyme express by UMAS 1002 which enabled 

them to utilize this additive as medium. Additives were added in I %w/v ratio to the 

fermentation medium containing optimum pH buffer. The four conditions which was set up 

to determine the different additive effect were as follows: "hampas" sago alone without 

additive as control, "hampas" sago with SS, "hampas" sago with CMC, and finally 

"bampas" sago with CMC and SS. Samples were also inoculated with optimum inoculum 

concentration and run at optimum temperature and agitation speed. Finally samples were 

harvested after the optimal time for further enzyme and protein assay. 
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7tIu Course ofa-Amylase and Cellulase Production 

shabr flask fennentation was carried out using bacterial culture (0.D600 ;::::: 2.0) at the 

lbllSlalllttemperature of30°C, agitation speed of200 rpm and pH adjusted at 7.2 with the samples 

MI'VI!!Ittetl at time interval of 3, 6, 9, 12, 15 and 24 hours (Figure 1) for enzyme assays. Under 

conditions, a proper mixing, mass and heat transfer was basically satisfied. It can be spot 

&om the graph that both a.-amylase (4.51 I.U./ml) and cellulase (3.46 I.U./ml) yield reached 

blglilest level within 6 hours and decrease soon after that. Meanwhile protein concentration 

a"IIQlClU,7 shows constant increase within the 24 hours except for the 15th hours where it shows a 

decrease, which due to . some protein assay error before continuing to increase later. 

DD1l1mal time obtained from this study shows a contradiction with earlier study done by Wani, A. 

personal communication) which enzyme yield was highest within 9 to 12 hours using the 

medium and bacterial strain. 

might occur due to the usage of two-stage inocular B. amyloliquefaciens UMAS 1002 

CoD[!pared to single stage inocular used in many previous studies including the study done by 

(2002). Julie and her colleagues (1997) stated that inoculum ages that have been reported 

associated with the use of different media, conditions, and strains of B. amyloliquefadens. 

can be even seen in simple case of single stage inocular, there was considerable variation in 

ulum ages reported. Yoon (1989) in his earlier study seem to use the youngest culture of 

M W/llUifaciens at 15 hours while Pazlarova (1984) used 18 hours culture of B. subtilis for 
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~1III11f11lli:e production. Although usage of older culture seem to be uncommon but EI-Leithy 

973) and Qadeer (1980) used 48 hours culture while Therkildsen (1980) found that 72 hours 

_lUre shows fastest fermentation in examining the symbiotic growth of yeast and amylase 

pn;,dw::ing B. subtilis strain. It can be assumed that optimization of the inocular been used in 

iereviOlHl study was not given priority but was commonly set according to the convenient of 

_ leriJlnen1tal scheduling (Julie et aI., 1997). 

7.05.00 

4.50 
6.0 .A E.=- 4.00 C,E 
5.0 .§.3 3.50 

c::: 
0~ 3.00 4.0 ~ 
III'$ ...J 2.50 c::: 

. ',.' -
3.0 QI

0• 2.00 c::: 
0 
()2.0J1.50 c::: 
QI1.00 

1.0 -...0 
A' Q.0.50 

0.00.00 
3 6 9 12 15 24 

Time/Hours (h) 

1: The time course (hours) of a-amylase and Cellulase enzyme activity. 

a-Amylase enzyme activity (I.U./ml), C.........- ) Cellulase enzyme activity (I.U./ml), C--&---) 

concentration (mg/ml). Results are means of two independent samples with two enzyme 


per sample. 


the present study it was ascertain that time course of a fermentation is affected by the 

and strain of inoculum used. Calam (1976) earlier does mentioned that, old bacterial 

seem to need a long period of time for adaptation in the culture medium followed by 

growth compared to young culture that was used. When this is taken into account, the 
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that 

...,..tiI~ time or age of inoculums become a crucial factor in determining the efficiency of the 

lJilaealtation. The data attained from this study also has confirmed the prior study done by Julie 

colleagues (1997) on usage of two-stage inocular for a-amylase production using B . 

rfJIJ~~r:iej'lS where the optimal time for a-amylase highest production was at 6 hours using 

....., inocular compared to single stage inocular bacterial culture at 28 hours. 

concentration does show a steady increase since the enzyme that was studied was not a 

!Mri1fied enzyme but from crude enzymes. So the protein concentration does not exactly show the 

kUllCellltl'l'lticm for a-amylase and cellulase enzyme only. B. amyloliquefaciens also has been 

IlpeX'ICICl to produce a-Glucosidases, Neutral protease, ~-Glucanase (Priest and Sharp, 1989) apart 

the enzyme been examined for in these study. Besides that, the protein from Bacillus cells 

might interfere with other protein to show the protein concentration observed in this 

the protein assay could only identify accumulate protein in solutions then specifically. 

protein concentration was included in this study to look upon the production pattern of 

IIJIDU=S as well as the cell growth by looking straight into protein concentration as an indicator 

is not adequate to define cell growth by looking straight into total protein 

.odiing study also has shown correlation between cell growth and enzyme production. It was 

continuous culture studies of amylase and protease production by B. 

and some strains of B. subtilis shows subsequent declined in enzyme 

Ifclluc1ion after initially exhibiting high enzyme yield in batch culture (Priest and Shrap, 1989) . 

••~ullu enzyme synthesis in both of this species was repressed during exponential growth 
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dea:apressed during early stationary phase prior to sporulation (Priest, et al., 1989; Cannelo et 

(02) when all the carbon source is depleted compared to B. setearomophillus and B . 

••""'ifl which were derepressed during exponential phase of cell growth (Priest and Sharp, 

can be concluded that two-stage inocular achieved faster cell growth in order to exhaust 

"~i4IIIUII sources compared to single stage inocular as the enzymes were only derepressed at 

....,.,·...".Temperature on a-Amylase and Cellulase Production 

o investigate the effect of temperature on a-amylase and cellulase enzyme expression, 

temperatures was set as shown in Figure 2 independently. The fennentation was done 

condition as the time course experiment except for the harvesting time was now fixed 

6 hours for all the temperature tested. Temperature was noted to affect fermentation 

IlbIlDI8DCe more significantly than other parameters. Highest yield of amylase and cellulase 

was obtained at 40°C with enzyme activity at 5.06 and 2.92 (I.U./ml) respectively as 

Figure 2. Protein concentration (2.52 mg/ml) does show in identical optimum 

hlCnltWre at 4Q°C and decrease soon after that. The results obtained for both enzymes also does _.d that rapid decrease in enzyme activity as the temperature rises from 45 to 50°C. The 

were only stable at temperature between 35 to 45°C. Both enzymes and other proteins 

tend to deactivate because they seem to denature after the optimum temperature as 
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in relating study by Kainuma, K. (1986) using crude amylase from Chalara paradoxa 

in degrading the raw starch from sago palm shows that optimum temperature was at 45°C 

sigDificantly decreases at 55°C. They also determined that raw starch degrading amylase 

lOCI_d by Chalara paradoxa was totally different from the conventionally studied raw starch 

RIll_ amylase attain from Aspergillus sp. or Rhizopus sp. In different research done by Mei-J, 

Yu-H, C. (1997) showed that a-amylase from B. amyloliquefaciens strains shows better 

lIIIIillltv at 60°C compared to 37°C which was normally used to obtained better cell physiology 

growth. This study again has confinued that different strain that been applied on a pa11icular 

peclilDlll has different physiological properties of enzyme been expressed although using same 

i*1i1D1ll as carbon sources in expressing a-amylase and cellulase enzymes. 
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2: Effect of temperature (0C) on a-Amylase and Cellulase production. 

a-Amylase enzyme activity (I.U.lml), (-+-) Cellulase enzyme activity (I.U.lml), c--&---) 

concentration (mg/ml). Results are means of two independent samples with two enzyme 

per sample. 
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y also discovered that Bacillus strain applied in this study came from moderate 


.,.KJpIIlile strain. Industrial usually prefer thermophilic enzymes compared to normal enzymes 


ylase from thennostable B. amylolilquefaciens strain which requires temperature of 


(Oerhartz, W. 1990), while B. licheniformis has a temperature optimum between 90

. "rIII"'I, B. licheniformis strains which grows well at 50-60°C (Fogarty and Kelly, 1990) . 


... tbermostability in themophilic a-amylase compared to a mesophilic enzyme was found 


to extra two or three salt bridge of specific lysine residues which stabilized the enzyme 


'....... '__trostatic interactions when heat induces unfolding of enzymes (To mazic and Klibanov, 


led the use of recombinant DNA technology to produce a stable a-amylase of B. 


D'IC",~,.,~raclren.s by considerably improved, if amino acid residues 88, 253 and 385 were 


by lysine or arginine residues (Fogarty, et. aI., 1990). Temperature was also become a 


factor in detennining the enzyme production in fermentation process in previous studies. 


this study again it can be concluded that both a-amylase and cellulase enzymes were 


associated enzymes since the cells need to reach stationary phase before expressing the 
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011 a-Amylase and Cellulase Production 

Doted that initial pH has a profound effect on both production and extracellular 

~~ID of polysaccharides (Wang et al.. (996). The influence of fermentation pH was 

. Figure 3 (a) and (b). Fermentation was done at 40°C and 6 hours as harvesting time 

all other parameter as before. Effect of pH was done using 4 various organic buffers 

__.,,,,, a range of pH from 4.5 to 9 according to their buffering capacity. Buffer was chosen 

pH effect since organic and in organic acids, such as acetates, citrate, tris-base and 

!DIII_ID have better buffering capacities (Takashi, Y. 2003) compared to conventional medium 

ter as the moisture in fermentation medium to assess pH effects. It can be observed 

3 that sodium-citrate buffer at pH of 6.0 shows the highest yield at 4.58 and 3.58 

both enzymes a-amylase and cellulase respectively . 

•..-......·obtained from this study shows in an agreement with the previous data collected by 

researchers for a-amylase production with an optimum activity at pH 5.9 (Suckling, 

_ ..\'._"'. and Sharp, 1989), Besides that several studies done on cellulase production using 

'es does shows in variety of optimum pH for enzyme activity such as B. 

illllinlu at pH 6.1 (Dhillon et aI., 1985), B. pumilus at pH 10 (Kawai et aI., (988) and B. 

7.0 (Krishna, C. (998). Results also show great stability in the enzyme within pH 

o to 7.0 for optimal a-amylase and cellulase activity. The data obtained again 

-_.,r-fact that enzyme production in B. amyloliquefaciens was growth associated since it 

....:ted in the reduction of protein concentration at pH lowered than 6 and increased than 

• 'cate inhibition of cell growths (Data not shown in Figure 3). Several studies also 
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importance of fennentation media type used since pH of culture may change in 

microbial activities and nitrogen sources (Ooelle et al., 1992). So a buffering agent 

gillu.... atudy could minimize the initial pH change in order to scrutinize pH effect. 
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ofpH (± 0.02) on (a) a-Amylase and (b) Cellulase production. 

at_ buffer; ( ~) Phosphate buffer; (-'-)Tris-base buffer; (~) Sodium-acetate 
ltd_Ills are means of two independent samples with two enzyme assays per sample. 

MaiifVII'ld in Figure 3 each buffer has different optimal pH condition for a-amylase and 

production. Sodium-citrate buffer shows the best buffer compared to phosphate, tris

IOCIlWD··acetate buffers at the pH of 6. This could be due to the different ion components 

buffers. Many literature reviews have mentioned the importance of phosphorus ion in 

enzyme production when carbohydrate was used as the carbon sources (Priest and 

However this study shows in disagreement since the Bacillus strain applied in this 

show in high yield in phosphate buffer, which in contrast shows lowest enzyme 

both enzymes compared to other buffers. This might be due to the excessive 
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ions 

. r

• 

. 

supplemented by phosphate buffer smce there already phosphate ions in

._ion medium form such as potassium phosphate at 0.1 % (w/v). Besides that it was also 

0.1 M of phosphate concentration was sufficient for optimum enzyme yield (Priest and 

). This does explain why enzyme yield was lowest in phosphate buffer in this study 

__tiVe same pH in other buffer and supported that sodium citrate buffer consist better ions 

'liIiIaceenzyme yield at pH 6. 

11/,4gittltiDn Speed on a-Amylase and Cellulase Production 

D,aperatillg temperature and pH maintained at 40°C and 6 respectively, the effect of agitation 

investigated by comparing the performance of the agitation rate at three agitation rates 

IpID (static), 100 rpm and 200 rpm. Result shows a remarkable increase in fermentation 

Iim ·.under shaking condition compared to static condition. It was observed more than 2 fold 

e activity in shaking condition 3.96 and 2.97 I.U./ml compared to non shaking 

at only 1.75 and 1.38 I.U./ml for amylase and cellulase activity respectively. There 

mucb difference in enzyme activity produced at agitation speed of 100 rpm and 200 

bJlowevc:f there were slight reductions in enzyme activity at 200 rpm compared to 100 rpm . 

e:,l1l'O(jlUclt10n was at 3.96 and 3.84 I.U./ml in 100 rpm and 200 rpm respectively, while 

:tm:MtuctiCllnwas at 2.97 and 2.89I.U./ml in 100 rpm and 200 rpm respectively. 
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" 

ofagitation (rpm) on a-Amylase and Cellulase production. 
Amylase enzyme activity (I.U./ml), ( • ) Cellulase enzyme activity (I.U./ml), C--"----) 

QOIIlCallnl'tion (mg/ml). Results are means of two independent samples with two enzyme 
Ie. 

....1'... obtained it is best supported the importance of agitation in solid state fermentation 

maintenance of homogenous conditions, especially with respect to temperature 

_.IS environment (Hesseltine, 1977). Agitation serves to replenish the interparticle 

tRsh air. This could not be achieved in static culture since only upper most substrate 

. :OOI_ct with air while others were not. Such condition can lead to reduction of oxygen in 

,.tidle spaces at limiting levels and the carbon dioxide can rise to inhibitory levels 

.1. 1990). Nevertheless carbon dioxide that dissolved in fermentation medium might 

pH decrease that in tum inhibits cell growth. In different cases, agitation does play 

in preventing and encouraging the agglomeration of solids (Suckling, C.l ., 1990). 

1.W'~at)'lFD also plays an important role in the way that there was critical dissolved oxygen 

••a. below which metabolism pathways might be changed (Atkinson, B. and Mavituna, 

static 
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